Introduction
Of the 80 or so species belonging to the genus Medicago L., alfalfa is one of the most important fodder crops in the world, originating from the Caucasus region, north-east Turkey, Turkmenistan and north-west Iran [1] , There are two main classifications of the genus Medicago L. used [2] . Depending on the system used M. sativa, M.× varia and M. falcata are either considered to be independent species or a subspecies (M. sativa ssp. sativa, M. sativa ssp. × varia, M. sativa ssp. falcata) of polymorphic species complex [2, 3] . The area of M. sativa diversification is the Mediterranean region [4] . Cultivated M. sativa L. is an outcrossing autotetraploid (2n=4x=32) plant [5] . Many authors indicate that cultivated M. sativa has a high level of genetic diversity which enables adaptation to different ecologic and soil conditions in the native habitat, but also to different climatic zones far from the native latitudes [6, 7] .
M. sativa as an alien species in Lithuania is found on roadsides, railway banks, slopes, in meadows and on exhausted soils. While M. sativa is not widely spread in Lithuania and for the first time in natural ecosystems it was recorded only in 1931 [8] , in many European countries it has become very frequent in natural ecosystems [9] . According to the NOBANIS database (www.nobanis.org), in Poland, M. sativa is considered as an invasive species while in Lithuania, it is listed as a potentially invasive species. Mack [10] observed that there is often a considerable lag phase between the establishment of local populations of alien species and their aggressive spread (log or exponential phase). According to the principles of a graduated invasion proposed by Mack, which has been confirmed by independent research (see for example [11] ), it is theorized that this alien species in Lithuania is still in the lag phase. The study of this species is also of great interest from the point of the conservation of crop wild relatives and crop to wild gene flow [12, 13] . Hybridization of M. sativa with native species in Lithuania was not yet been investigated, but rather frequently of M. sativa and M. falcata populations are found in habitats where plants with purple, yellow and variegated flowers grow side-by-side. In some other European countries where M. sativa is widely spread, M. sativa/M. falcata hybrids are frequent and easily naturalize in natural ecosystems [2, 14] . The spread of alien species and their hybridization with native species cause changes in natural ecosystems and threaten local plant biodiversity because hybrids invade habitats of native congeners [14] . A high proportion of M. falcata populations in Germany and Switzerland have been displaced by hybrid swarms after M. sativa and M. × varia invasion [14] .
Investigations of the genetic diversity of M. sativa in European and Asian countries are directed first of all to identification of valuable (from the point of view of breeding) DNA markers; as well as to creating new and improving ancient varieties of cultivated M. sativa [15] [16] [17] [18] [19] . The majority of M. sativa varieties are like synthetic populations obtained by crossing both random and selected M. sativa genotypes [20, 21] . Besides, a significant part of the varieties and cultivated populations of alfalfa originate from crosses between the perennial forms of M. sativa and M. sativa, aimed to increase heterosis and to improve pest resistance [22] . Natural M. sativa populations are also investigated in search of valuable traits in their origin regions where the highest diversity of a species is observed [5, 7] .
Different types of molecular markers are employed for investigating of M. sativa genetic diversity, including restriction fragment length polymorphism, (RFLP [23, 24] ), random amplified polymorphic DNA (RAPD [18, [25] [26] [27] ), simple sequence repeat (SSR [5] ), intersimple sequence repeat (ISSR [7] ) and amplified fragment length polymorphism, AFLP [28, 29] . In addition to using SSRs to investigate the highly variable polymorphism of microsatellite loci, ISSR markers are employed. Although ISSR is less informative than SSR by virtue of the dominant nature of ISSR markers, ISSR is still a reliable, cost effective approach that is widely used in plant studies [30] [31] [32] [33] [34] .
Until now, the genetic diversity and differentiation of M. sativa populations in the lag phase of invasion has been uncharacterized. Accordingly, the aim of the present study was to investigate the genetic structure of invasive M. sativa populations in Lithuania, using RAPD and ISSR assays, and to assess the suitability of identified DNA markers for discriminating between M. sativa and M. falcata populations.
Experimental Procedures

Plant material
A total of 300 M. sativa plants were collected from 17 different populations of Lithuania (Table 1) . Population were defined as a contiguous distribution of alfalfa forming a patch with the length of transect through it at least 250 m [35, 36] . Leaf samples were collected from flowering plants. Collected 
Genomic DNA extraction
Total genomic plant DNA was extracted from leaves using the Genomic DNA purification kit (Fermentas Thermo Scientific, Lithuania) following the manufacturer instructions. The concentration and quality of DNA samples were estimated with a spectrophotometer and gel electrophoresis. DNA samples were diluted to 50 ng µl -1 and kept at −20ºC until use.
RAPD and ISSR assays
RAPD-PCR reaction mixtures had a total volume of 20 μl. A mixture contained 0.5 U of recombinant Taq DNA polymerase (Fermentas Thermo Scientific, Lithuania), 0.4 μM primer (Biomers, Germany), 0.2 mM of each dNTP, 1× appropriate reaction buffer (100 mM Tris-HCl, pH 8.8; 500 mM KCl; 2.5 mM MgCl 2 ) and 50 ng of template DNA. The PCR was carried out on in a thermo cycler (Biometra, Germany). PCR conditions for the RAPD consisted of: 1 min at 94°C for initial denaturation, 45 cycles of 1 min at 94°C (denaturation), 1 min at 50°C (annealing) and 1 min at 72°C (extension). The final reaction extension step was carried out at 72°C for 6 min. The annealing temperature of 50°C was used to obtain reproducible RAPD profiles [37] . ISSR-PCR was carried out at the same conditions except annealing temperature which varied from 50°C to 55°C for different ISSR primers (I-18 -52°C, I-34 -50°C, I-50 -55°C). Samples were analyzed at least twice per primer in different experiments. PCR products were visualized on 1.5% agarose gels stained with ethidium bromide. The size of DNA fragments was estimated with DNA size standard (GeneRuler 1 kb DNA Ladder, Fermentas Thermo Scientific, Lithuania) using BioDocAnalyse software (Biometra, Germany, www.biometra.de/1163.0.html).
Data analysis
Amplified DNA fragments were registered separately by two researchers, and each discrepancy between the resulting two binary matrixes was considered additionally or PCR analysis was repeated. Due to the tetraploidy of alfalfa and the dominant nature of DNA markers used in the study, only one allele out of four is sufficient to give rise to an amplification product [38] . RAPD bands were scored for the presence (1) or absence (0) and each band was regarded as a locus. Based on the assumption that allele 1 is dominant over allele 2; genotypes 1111, 1112, 1122, and 1222 were scored as the RAPD phenotype '1', while genotype 2222 was scored as the RAPD phenotype '0' [13] . Genetic distances between individuals were established according to [39] . The UPGMA cluster analysis of genetic relationships among individual genotypes was carried out using TREECON for Windows [40] . To estimate the variation of the RAPD phenotypes within and among populations, analysis of molecular variance (AMOVA) was used. (AMOVA is based on the analysis of pairwise genetic distances, using the Euclidean distance measure [41] to estimate variance components for the RAPD and ISSR phenotypes and avoids the calculation of Mendelian gene frequencies [42] . The application of AMOVA in studying the genetic structure of alfalfa population on the basis of RAPD markers was performed by different authors [13, 25] .) Genetic distances among populations were calculated according to [43] . Molecular diversity parameters within populations (Nei's gene diversity -h, number of effective alleles -n e , the percentage of polymorphic bands -P and Shannon's information index -I) were calculated using Popgene software (version 1.31; Department of Renewable Resources, University of Alberta, www.ualberta.ca/~fyeh/popgene).
A Mantel test was used to determine whether there was a significant correlation between the genetic and geographic distance among populations. The principal coordinate analysis (PCoA) and the Mantel test were carried out using the GenAlEx v. 6.4 program [44] .
Results
RAPD and ISSR banding at species level
For the RAPD analysis, five primers (OPA 18, OPB 17, OPB 18, OPC 9, and OPC 11) generated qualitative RAPD profiles. 117 RAPD loci were identified with 
Intra-population variability
Intra-population variability of M. sativa established using RAPD and ISSR markers, is presented in Tables 3 and  4 . The average percentage of polymorphic loci on the population level, established with RAPD primers, was 40.20±4.42%. The lowest variability was observed in the Gripiškės population (27.19%) , and the highest level of variability was detected in the Luokesa population (60.53%). Of the 17 populations examined (Table 3) , the Luokesa population showed the highest percentage of polymorphic loci (highest number of polymorphic loci -69), the highest number of effective alleles (1.346), the highest Nei's genetic diversity (0.194) and the highest value of Shannon's information index (0.295).
The ISSR analysis revealed lower estimates of genetic variability in M. sativa populations ( Table 4 ). The percentage of polymorphic loci ranged from 23.81% in the Gripiškės population to 52.38% in the Būčkiemis population. The Shannon information index ranged from 0.097 in the Gripiškės population to 0.284 in the Žemaitėliai population. The Žemaitėliai population showed also the highest values of Nei's gene diversity (0.194) and the highest number of effective alleles (1.342).
The average genetic distance (GDxy average ) among individual plants within a population, estimated using RAPD markers, was 0.169±0.034 and varied between 0.082 (Pasvalys) and 0.281 (Molėtai) ( Table 3 ). In case of ISSR markers, GDxy average was 0.128±0.142 and varied from 0.081 (Pakuonis) to 0.195 (Pasvalys).
Inter-population variability
Analysis of molecular genetic diversity, based on RAPD markers, revealed a 63% (F PT =0.631, P<0.001) interpopulation and only a 37% intra-population variation (Table 5) . A similar level of genetic differentiation between M. sativa populations was estimated using data obtained by the ISSR assay. In this case, the interpopulation variation was 57% (F PT =0.570, P<0.001). Nei's genetic distances between populations, estimated using RAPD (Table 6a ) and ISSR (Table 6b ) markers, showed no significant correlation (r=-0,016, P>0.05).
The largest Nei's genetic distance (0.464), according to RAPD markers, was established between the Molėtai and Pakuonis populations, whereas according to ISSR markers, the largest genetic distance (GD=0.424) was detected between the Būčkiemis and Pakruojis populations. The closest populations identified with RAPD markers were between the Molėtai and Žemaitėliai populations (GD=0.020), whereas ISSR analysis revealed that the Ignalina and Luokesa populations were the two most similar populations (GD=0.026).
Although the results obtained from the RAPD and ISSR analysis were slightly different, variability has previously been reported in other studies [45] [46] [47] . Furthermore, as the Molėtai and Žemaitėliai populations as well as the Ignalina and Luokesa populations are located close to each other geographically (data not shown), the different results may reflect the different mechanisms determining the variability of these loci, and possibly the diverse influence of natural selection on these loci [45, 48] . The Mantel test was used to assess the possible correlation between genetic and geographic distances among the populations. The analysis did not show any significant correlation between these two variables (for RAPD markers, r=0.210, P<0.05; for ISSR markers, r=0.093, P>0.05).
Comparison of genetic relationships among
M. sativa and M. falcata populations, using the established DNA markers Figure 1 . Two distinct clusters were observed, one including individuals from M. sativa populations, and other individuals from M. falcata populations. Similar grouping of populations from different species was observed in RAPD and ISSR based UPGMA dendrograms, although the genetic relationships among individual genotypes inside the clusters varied. The genetic distances estimated using the whole set of markers (RAPD and ISSR) were also larger for populations of different species than for populations of the same species ( Table 7) .
The Nei genetic distance values at the species level ranged from 0.513 to 0.580, while among populations of the same species they varied from 0.131 to 0.314. The results of clustering were corroborated by PCoA. Representatives of M. sativa and M. falcata grouped separately on the PCoA plot (data not shown).
Discussion
M. sativa is among the 150 most common alien plant species in Europe [9] . The decrease in cultivated fields and pastures, and appearance of uncultivated abandoned fields in the areas, where this plant was grown, are favorable to spread of M. sativa. The character of M. sativa spreading in Lithuania indicates that this alien species is in the early stage (lag phase) of invasion. This study used RAPD and ISSR markers to provide an insight into the genetic structure of M. sativa populations. 117 RAPD and 64 ISSR markers were identified and analysis of 300 alfalfa plants from 17 populations revealed a high incidence of polymorphic loci (90.8% for RAPD and 86.3% for ISSR markers). Both RAPD and ISSR markers revealed that all plants are genetically different (data not shown). While the high level of polymorphic loci of M. sativa may be caused by outcrossing and interspecies hybridization [2, 12, 27, 49] ,our results indicate a reduced level of intra-population genetic variability. The average percentage of polymorphic loci at the population level was 40.20% for RAPD and 38.08% for ISSR markers. A higher genetic variability in alfalfa populations was reported by some authors [5, 12] . For example, Ghérardi et al. [12] investigated the genetic variability of plants from cultivated and natural populations and observed 67-75% polymorphic loci. FalahatiAnbaran et al. [5] in a study of native alfalfa populations reported the average intra-population genetic variability of 89%. In light of these previous studies, the level of intra-population genetic diversity observed in the current study is lower than in populations from regions of the species origin and diversification. Furthermore, AMOVA revealed highly significant (P<0.001) genetic differences among Lithuanian M. sativa populations -63% according to RAPD and 57% according to ISSR, while the genetic diversity between individuals in the populations was lower (37% and 43%, respectively). Similar results were reported by Crochemore et al. [25] and Xavier et al. [50] . In the study of Crochemore et al. the genetic variation was nearly equally distributed within (50.6%) and among (49.4%) populations [25] , while in Xavier et al. [50] study genetic diversity distribution among wild accessions of Medicago species from the trans-Himalayan region of Ladakh among populations was 49% and within populations -51%. However, our results showed a more pronounced genetic differentiation of alfalfa populations as compared with some other publications [6, 13, 51] . In one of these studies in which native M. sativa populations from Azerbaijan were investigated, the highest genetic diversity (80%) was observed among individuals in a population [51] . Jenczewski et al. [13] detected also a low but significant differentiation (F ST =0.0887) between natural and cultivated alfalfa populations [52] . A higher genetic differentiation of introduced populations in comparison with native populations was also reported by some authors [53, 54] . Most probably the Lithuanian rare wild M. sativa populations have originated from varieties grown for forage or from seeds or forage transported through the Lithuanian territory. This supposition is indirectly confirmed by within population genetic diversity established using RAPD and ISSR assays. The small genetic distance among individuals of some populations may be caused by their origin from a small number of genetically related founders, possibly representatives of the same variety. The inter-population differences may be determined by the genetic peculiarities of earlier cultivated varieties as well as by local adaptation to soil and microclimate [4, 19, 55] . The absence of correlations between genetic and geographic distances and a high genetic differentiation of wild M. sativa populations also indicate that the settlement of these populations occurred through the time independently and from various alfalfa germplasm sources.Populations studied in our work were found in abandoned uncultivated meadows, on roadsides, hayfields and clearings. In these habitats M. sativa possibly interact with native Medicago species, especially tetraploid forms of M. falcata. The wild species or subspecies belonging to the Medicago sativa-caerulea-falcata complex can form viable hybrids [3, 6] . As hybrids of these taxa have been shown to have higher vitality and are more resistant to unfavourable conditions, they may serve as a genetic bridge for gene exchange between M. sativa and the local wild species of this genus [14, 56, 57] . Studies of reciprocal hybridization among M. sativa and M. falcata have also revealed that fertility is higher if plants of M. sativa are used as the female parent [58] . The ability of M. sativa to adapt and interact with related native taxa is highly important in view of invasions and native species preservation [4, 56] . Like in other European countries, M. sativa in Lithuania is found either together with M. falcata populations or close by. As plants with variegated flower color and other peculiar features have been identified in regions where habitats overlap, these species may form hybrids [3, 22, 24, 29] . While natural hybrid zones are not large in Lithuania, we assessed the ability of established DNA markers to reveal differences between neighboring populations of these two species. The UPGMA cluster analysis and PCoA showed the ability of established DNA markers to reveal genetic distinctiveness among populations of different species. While previous studies have attempted to reveal genetic differences among M. sativa and M. falcata, only some studies have found differences among M. sativa and M. falcata germplasms [24, 26] . In other studies no genetic distinctiveness was observed [29] . Some of the DNA markers identified in our study were found only in populations of certain species (data not shown). However, the species specificity of these markers has to be proven in more representative experiments using a higher number of populations of both species. Accordingly, development of markers would be useful for the studying the interaction of these two species in natural ecosystems, because M. sativa just begins to penetrate into the natural ecosystems of Lithuania and the genetic impact of M. sativa on local ecosystems is not has yet been thoroughly investigated. From the viewpoint of expansion, it notably differs from Lupinus pollyphylus -other species of Fabaceawhich in Lithuania is more aggressive and widespread throughout more various natural ecosystems [8, 59] . M. sativa is not frequent in Lithuania; this is why so far there is no striking influence on local M. falcata populations, which has been described in some European countries [2, 14, 56] . Taking into account the wide spread of M. sativa in many European countries [9] and the impact on native species, the penetration of this species will undoubtedly increase in Lithuania. For this reason, our study provides the baseline data that could be used in future for monitoring the genetic structure dynamics of M. sativa during in the process of its spreading.
